Introduction
Immunoglobulin A nephropathy (IgAN) remains a leading cause of primary glomerulonephritis worldwide [1, 2] , accounting for ~ 30% of the pathological diagnoses in the Japan Renal Biopsy Registry report for 2007 to 2008 [3] . Deterioration of renal function at biopsy, extensive histological damage, hypertension and proteinuria at biopsy and/or during the course are almost established prognostic factors, as 30% to 40% of all patients with IgAN reach end-stage kidney disease (ESKD) within 20 years [4] . These prognostic factors and outcomes from diagnosis to ESKD have been established based on the findings of many studies. However, little is known about prognosis after ESKD. Although the annual nationwide survey of the Japanese Society for Dialysis Therapy (JSDT) [5] describes survival rates for patients with primary diseases after dialysis, information about IgAN is not included.
Kidney disease has become recognized as a powerful risk factor for the progression of cardio-cerebrovascular diseases (CCVDs) and mortality, especially during the past decade [6] . Several reports indicate that the onset and continuance of IgAN increases the risk of CCVD events and mortality compared with the general population [7] [8] [9] . However, information about the incidence and risk factors for patients with IgAN undergoing renal replacement therapy (RRT) remains obscure.
Hence, this retrospective cohort study aimed to clarify the prognosis of patients who started RRT to treat IgAN diagnosed from renal biopsies and progressed to ESKD. We also investigated the incidence of CCVDs during RRT and risk factors affecting the onset of CCVDs during > 10 years of follow-up.
Patients and Methods

Study design and patients
Between 1981 and 2010, 433 patients at our institution were initially histologically diagnosed with IgAN based on light microscopic findings of proliferative changes in glomerular mesangial cells and immunofluorescence staining showing increased mesangial matrix associated with IgA and/or IgG and C3 deposition in renal biopsies. Patients with renal lesions caused by systemic diseases such as HenochSchönlein purpura nephritis, systemic lupus erythematosus, and liver cirrhosis were excluded. Among the 433 patients, 52 (12.0%) had reached ESKD by February 2012 and 50 (96.2%) of those were followed-up at 28 dialysis facilities or out-patient clinics in Miyazaki prefecture. Thus, sufficient medical information about the patients was available for retrospective investigation. Only two patients were lost to follow up after starting RRT.
Outcomes and other evaluated factors
The primary outcome of the study was the survival of the patients. Secondary outcomes comprised the onset of the following CCVDs: myocardial infarction (MI), unstable angina (UAP), aortic dissection, intracranial or subarachnoid hemorrhage (CH/SAH), cerebral infarction (CI) and peripheral artery disease (PAD). Hypertension was defined as systolic blood pressure (BP) > 140 mmHg and/or diastolic BP > 90 mmHg or under treatment with antihypertensive drugs before diagnosis. A body mass index (BMI) > 25 was defined as obese based on Japanese criteria [10] . RRT comprised hemodialysis (HD), peritoneal dialysis (PD) and renal transplant for patients with ESKD.
Statistical analysis
All continuous variables are presented as means ± standard deviation (SD). Age at renal biopsy and starting RRT between CCVD and non-CCVD groups were compared using an unpaired t-test after the normal distribution was confirmed by Levene test. Differences in proportions were evaluated using the χ2 independent test or Fisher's exact test for 2 × 2 tables, depending on the number of categories. Survival rates of the two groups were analyzed using the Kaplan-Meier method, and differences were compared using the log-rank test. The impact of multiple covariates for the onset of CCVDs was assessed using Cox proportional hazards models. All independent variables included in multivariate analyses are expressed as categorical (coded as 0/1) or quantitative values. Sex, hypertension, BMI > 25, initial corticosteroid therapy, dialysis modality (HD vs. PD) and a history of renal transplantation were included as categorical variables. Age at starting RRT was included as a quantitative variable. The results of the multivariate analysis are expressed as hazards ratios with 95% confidence intervals (CI). A p value of < 0.05 was considered significant for all data, which were statistically analyzed using SPSS for Windows, Advanced Statistical Release 15.0 (SPSS, Chicago, IL, USA). Table 1 shows the background factors and outcomes of the patients who underwent dialysis. About half of all of the patients had hypertension at the time renal biopsies were obtained. Mean amounts of urinary protein of all patients was 2.67 ± 1.71 g/day. Ten (19.2%) of all patients were initially treated with renin-angiotensin system (RAS) inhibitors, and ten patients received steroid therapy. None of the patients were not administered immunosuppressive agents as an initial treatment. Age at starting RRT was 42.8 ± 13.3 years and the mean elapsed time from renal biopsy to RRT was 7.2 years. The initial modes of RRT among the 52 patients who progressed to ESKD were HD in 46 (88.5%) and PD in 6 (11.5%). Of the six patients who underwent renal transplantation during maintenance HD, four still had a renal graft at the final observation, whereas two had lost renal grafts and underwent further HD. Five patients eventually switched to HD therapy, and only one patient continued with PD therapy until the final observation among those who initially underwent PD. Seven (13%) and 15 (29%) patients respectively died and developed CCVDs during a mean followup period of 11.3 ± 6.4 years. Figure 1 shows the survival rates of the 50 patients (excluding the two lost to followup). Kaplan-Meier curves revealed favorable 10-and 20-year survival rates of 93.3% and 65.1%, respectively. Although none of the patients who started with PD died during the observation period, the survival rates did not significantly differ between those who started with PD or HD (p = 0.482; log-rank test, data not shown). Table 2 compares prognoses between the JSDT registry and the present study. Chronic glomerulonephritis (CGN) in the JSDT registry includes primary glomerular diseases such as membranous nephropathy, membranoproliferative glomerulonephritis and focal segmental glomerulosclerosis as well as IgAN. The 10 and 20-year survival rates of the patients with IgAN (mean age, 42.8 y) were similar to those of younger (age, ranged from 30 to 44 y) patients with CGN, and was rather more favorable than that of older (age, ranged from 45 to 59 y) patients with CGN.
Results
Background factors and outcomes of patients
Survival rates of patients with IgA nephropathy after starting RRT
Relationship between causes of death and period from start of RRT to death
Seven (female n = 5; male, n = 2) patients died during a mean follow-up of 11.3 ± 6.4 years, and the mortality rate was 1.2/100 person-years. Three patients died of CCVDs (SAH, cardiac failure, cerebral hemorrhage), and three others died of malignant diseases (adult T-cell leukemia, gastric cancer, renal cancer). The patient died from gastric cancer received long-term immunosuppressive therapy after the renal transplantation. The remaining patient died one month after surgery to replace a cardiac valve. The mean elapsed time from starting RRT was shorter for the three patients who died of CCVDs than for those who died of malignant diseases (3.9 ± 1.3 vs. 13.6 ± 4.8 years, p < 0.05). Figure 2 shows age at diagnosis, at the start of RRT, and at the onset of CCVDs in six female and nine male patients. Over 10 years elapsed from diagnosis to the onset of CCVDs in three patients who were diagnosed as teenagers. Figure 3 shows when CCVDs developed after starting RRT in the fifteen patients. Seventeen CCVDs in 15 patients developed at an incidence of 2.7/100 person-years during the follow-up period. Acute coronary syndromes such as MI and UAP, and hemorrhagic strokes (CH/SAH) tended to develop within five years of starting RRT, whereas CI tended to arise later. Univariate analyses showed that background factors at renal biopsy, a history of transplantation, and mode of RRT did not statistically differ between patients with (n =15) and without (n = 35) CCVDs (Table 3) . However, multivariate analysis using Cox proportional hazards models revealed that age at the time of starting RRT was a significant factor affecting the onset of CCVDs (HR, 1.06; 95% C.I., 1.01-1.12; p = 0.025). A history of initial corticosteroid therapy did not affect the onset of CCVDs (Table 4) .
Onset of cardio-cerebrovascular diseases after patients with IgA nephropathy started RRT
Discussion
The present findings revealed the following controversial issues: good survival rates after starting dialysis, relatively earlier onset of CCVDs than malignancies, more advanced age as a risk factor for CCVDs, and the absence of an influence of steroid therapy on CCVD onset in patients with IgAN after starting dialysis therapy.
The 10-and 20-year survival rates of the patients with IgAN after starting dialysis were 93.3% and 65.1%, respectively, in this study, and these were similar to recent findings in Korea (88.6% and 66.3%) [9] . Several factors are thought to be involved in the favorable prognosis of patients with IgAN after starting dialysis. Firstly, such patients usually start dialysis at an Table 2 . Comparison of prognosis between Japan dialysis registry data and present findings earlier age than those who need dialysis for other reasons. Some observational studies have pointed out that starting dialysis younger is an important factor in surviving for up to 30 years [11, 12] . In fact, the annual report of the JSDT registry (2008) states that the mean age of the entire dialysis patient population at that time was 65.3 years [5] , whereas the mean age of the patients with IgAN in this study who started dialysis was 42.8 years. Secondly, IgAN might have a better prognosis than other types of primary glomerulonephritis. Chou et al. [13] reported that mortality rates were significantly higher for membranous nephropathy and focal segmental glomerulosclerosis than for IgAN (17.2% and 14.4% vs. 4.6%) in an Asian cohort (n = 987) during a median follow-up period of 5.9 years. Lee et al. [14] also found that survival in a large cohort (n = 1,943) was better among patients with IgAN and than for those with focal segmental glomerulosclerosis. Our findings of a higher survival rate for IgAN than for other CGN (Table 2 ) are compatible with these data, even when the difference in age between the two groups is considered. On the other hand, the incidences of CCVDs and mortality are higher in patients with IgAN than in the general population. One study from Finland [7] found that 25% of patients with IgAN aged > 30 years had some CCVDs at the end of follow-up, compared with only 9% of the general population. The Korean study [9] also showed that overall mortality including CCVDs was elevated by 43% in an age/sexmatched general population. Although IgAN is probably associated with a higher incidence of CCVDs and mortality than the general population, the risk seems to be lower than that of other types of CGN. This might be attributable to the unique features of IgAN, which is relatively limited to the kidneys and is associated with few other general complications.
Malignancy and CCVDs are the main causes of death among patients on dialysis. According to the JSDT registry in 2008 [5] , cardiac failure (23.7%) was the leading cause of death, and CCVDs (cerebrovascular disease and cardiac infarction, 12.7%) and malignant tumors (9.2%) were the third and fourth most common causes of death. The onset of fatal and non-fatal acute coronary syndromes (MI and UAP) and cerebral hemorrhage (CH/SAH) in the present study tended to occur relatively early (within 5 years), whereas that of death due to malignancy and non-fatal CI tended to occur over 10 years later. The CHOICE study [15] , which surveyed the incidence and outcomes of cerebrovascular diseases in patients starting dialysis, found that the overall incidence of cerebrovascular events was 4.9/100 person-years, with ischemic stroke being the most common. That study also indicated that the rate of cerebrovascular events was the greatest during the first two years of dialysis therapy, and ischemic stroke accounted for the majority of events especially after this time frame. The results of the GRACE registry [16] indicated that patients with acute coronary syndrome who are on dialysis have a greater burden of established cardiac risk factors during the initial phase of dialysis, and obviously greater six-month mortality rates than patients who are not on dialysis. Although the incidence and mortality rates due to CCVDs in the present study were relatively low compared with previous reports [5, 15, 16] , careful monitoring of the onset of CCVDs is needed, especially during the early phase of dialysis. We believe that the main reason for the late onset of malignancy was that none of the patients had malignant disease at the start of dialysis in this study. Only one of three patients who died of malignancy underwent renal transplantation, which was required to continue immunosuppressive therapy. A larger study that excludes renal transplantation is needed to clarify the effect of dialysis on the onset of new malignancy.
The present study found that age at the time of starting RRT was a significant factor affecting the onset of CCVDs, whereas hypertension at diagnosis and a history of corticosteroid therapy was not. We confirmed that advanced age is an established risk factor for mortality and the onset of CCVDs [17, 18] . The percentage of the hypertension at diagnosis was higher in non-CCVD patients than in CCVD patients (57% vs 33%). Iseki et al. examined the relationship between BP and anti-hypertensive drugs therapy in HD patients, and found that one-year mortality rate was significantly lower in patients prescribed anti-hypertensive drugs than in those non-prescribed. They refer to effect of the prescription of anti-hypertensive drugs on good prognosis of HD patients [19] . In fact, the percentage of the patients prescribed anti-hypertensive drugs was higher in non-CCVD patients than in CCVD patients in this study (66% vs. 33%). The existence of hypertension and use of anti-hypertensive drugs might counteract the each effect. Corticosteroid is considered as a possible risk factor for cardiovascular disease in patients with systemic lupus erythematosus [20] . Korkmaz et al. also implied that the prevalence of steroid therapy is higher among patients with systemic lupus erythematosus accompanied with, than without coronary atherosclerosis [21] . One reason for the discrepancy between IgAN and systemic lupus erythematosus might be the duration of steroid therapy. Long-term corticosteroid is generally needed as maintenance therapy for patients with systemic lupus erythematosus whereas that for IgAN is relatively short-term. In fact, the maximal duration of steroid therapy for our patients was three years.
This study has several limitations that require consideration. Firstly, this retrospective study at a single center comprised a small cohort, although the mean observation period was over 10 years. A multi-center study of a large cohort is needed to obtain more precise information about the incidence of CCVDs and mortality after dialysis in patients with IgAN. Secondly, information about each dialysis condition and medications such as antihypertensive drugs and erythropoietin stimulating agents, as well as the management of mineral-bone disorders during maintenance dialysis was unavailable. Although we conducted multivariate analyses, factors during maintenance dialysis were not included as independent factors. Finally, some race-related factors might be associated with the long survival and low incidence of CCVDs because all of our study patients were Japanese. In fact, rates of mortality and comorbid diseases differ among countries [19, 22] .
Conclusion
The present findings suggested that Japanese patients with IgAN have a good prognosis, with low mortality rates and CCVD incidence after starting dialysis. Nevertheless, careful monitoring of CCVD onset is needed, especially during the early phase of dialysis. Further studies of a large cohort and an international comparison of mortality rates and CCVD incidence in patients with IgAN after dialysis therapy are required.
